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Abstract 


The CeO, NPs were derived from Azadirachtaindica(A.indica) leaf extracts. The X-ray 
diffraction studies confirmed that synthesized CeO, NPs were exhibited the cubic structure. In XPS 
spectra, the oxidation states of each element were identified for CeO, NPs. The Raman active mode was 
observed at 461cm™ and this was due to the symmetrical stretching mode of the Ce-8O for CeO> NPs. 
From FESEM and TEM images, the CeO, NPs were exhibited spherical structure. From the EDAX 
spectra, the elemental compositions were identified. The optical studies were carried out using UV-Vis 
and Photoluminescence spectra for CeO2 NPs respectively. 
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1. INTRODUCTION 


The CeO. nanoparticles could be a 
technologically potent material with remarkable 
properties utilized in a variety of applications. The CeO, 
nanoparticles have been used as three-way catalysts 
(TWC) for exhaust gas treatment from automobiles, 
oxygen ion conductors in solid oxide fuel cells, 
polishing agents for the chemical, mechanical 
planarization (CMP) process, gate oxides in metal oxide 
semiconductor devices, and ultraviolet (UV) blocking 
materials in UV shielding, respectively (Zhang et al. 
2003; Si et al. 2005; Yu et al.2005; Wang et al. 2003; 
Miki et al. 1990;Tsunekawa et al. 2000). 


The synthesized CeO, NPs were prepared by 
physical and chemical methods such as hydrothermal, 
flame spray pyrolysis, sonochemical, microwave, sol— 
gel, and co-precipitation (Zhang et al. 2003; Hu et al. 
2007; Wang et al. 2002; Liao et al. 2001; Czerwinski et 
al. 1997; Yao and Xie, 2007). However, most of the 
techniques are difficult, time intense, high priced and 
unsafe. The green chemistry approaches to the event in 
phytosynthesis of metal and metal oxide NPs. This 
method offers several of benefits like cost-effectiveness, 
large-scale industrial production and pharmaceutical 
applications. 
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In the present investigation, CeO, NPs are 
prepared through the Azadirachtaindica leaf extract. 
The synthesized nanoparticles are characterization work 
done by the structural, morphological and optical CeO, 
NPs. 


1.1 Material and methods 


1.1.1 Green synthesis CeO, NPs 


The 10 g of finely divided leaves of 
Azadirachtaindicawas added to 100 mL of double 
distilled water and boiled at 50-60°C for 10 min. The 
solution was filtered through Whatmann No. | filter 
paper and the clear filtrate were collected and which 
were carry for further usage. Thereafter, add certain 
quantity of 0.1M solution of cerium nitrate to 100 mL of 
A. indica leaf extract with constant stirring at 80 °C for 
6h. The Initially brown precipitate was formed and then 
it becomes a yellowish brown in color on continuous 
stirring. Finally, the precipitate was dried at 120 C. The 
precipitate was annealed at 400 °C for 5h to get 
spherical NPs. 


1.1.2 Characterization Techniques 


The CeO, NPs were characterized by X-ray 
diffractometer (model: X’ PERT PRO PANalytical). The 
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diffraction patterns were recorded in the range of 20°- 
80° for the CeO, NPs samples, where the 
monochromatic wavelength of 1.54 A was used. The 
XPS measurements were performed with an XPS 
instrument (Carl Zeiss) equipment. The spectra were at 
a pressure using an ultra high vacuum with Al Ka 
excitation at 250 W. The samples were analyzed by 
Field Emission Scanning Electron Microscopy (Carl 
Zeiss Ultra 55 FESEM) with EDAX (model: Inca). 
TEM analyses were carried out by the imstrument 
Philips CM 200 model operated at an accelerating 
voltage of 20-200kv Resolution: 2.4 A®°. The FT-IR 
spectra were recorded in the range of 400-4000 cm’! by 
using a Perkin-Elmer spectrometer. The absorption 
spectra of CeO,NPs were studied in the range between 
200 and 800nm by Lambda 35 spectrometers. 
Photoluminescence spectra were measured using Cary 
Eclipse spectrometer. 


2. RESULTS & DISCUSSIONS 
2.1 Structural analysis 


The X-ray diffraction patterns of CeO, NPs 
derived from A. indica leaf extract are shown in Fig. 1. 
The standard diffraction peaks show the face-center 
cubic phase of CeO, NPs (JCPDS data cardno: 34- 
0394). The lattice constant ‘a’ values are 5.4108 A for 
CeO, NPs. The average crystallite sizes are found to be 
9.2 nm. The XPS of CeO, NPs derived from A. 
indicaleaf extract is shown in Fig. 2. The XPS provides 
information on the oxidation state of each element in the 
sample as well as the composition of the surface 
functionalization of the CeOQ.NPs. The XPS results 
show that the indexed peaks correspond to the C (1s), O 
(1s) and Ce (3d) for the CeO, NPs. The C (1s) signals 
are most likely due to trace amounts of plant, or simply 
due to the absorption of organic contaminants. The 
Raman spectra of CeO NPs derived from A. indicaleaf 
extract are shown in Fig. 3. From the Raman spectra, the 
sharp Raman active mode is observed at 461cm’, this is 
due to the symmetrical stretching mode of the Ce-8Ofor 
CeO, NPs. However, this peak is very sensitive to any 
disorder in the oxygen sub-lattice results, changing in 
physical and chemical properties (Arumugame? al; 
2015). 


2.2 Morphological and Elemental analysis 


The surface morphology and_ elemental 
composition of CeO, NPs derived from A. indicaleaf 
extract are shown in Fig. 4(a-b). The FESEM and TEM 
image clearly shows the average sizes of the NPs are in 
5-6 nm range. The CeO, NPs are exhibit spherical 
structure. From the EDAX spectra (see fig. 4c) CeOz 
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NPs, the atomic percentage of Ce, C and O were found 
to be 64.03 %, 20.15% and 15.82% respectively. 
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Fig. 2: XPS spectra of CeO, NPs 
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Fig. 3: FT-Raman spectra of CeO, NPs 
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Fig. 4: (a-c) Morphology images of (a) FESEM, (b) TEM and (c) EDAX spectra of CeO, NPs. 


2.3 Optical Studies 


The UV-VIS spectra of CeO. NPs derived from 
A. indica leaf extract are shown in Fig. 5. A. indica leaf 
extract consists of phytoconstituents acting as a capping 
and reducing agent. So, it has reduced to form the CeO, 
NPs. The absorption edge is observed at 314 nm for 
CeO, sample. This can be attributed to the photo 
excitation of electrons from the valence band to the 
conduction bandO. 
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Fig. 5: UV-Vis absorption spectra of CeO, NPs. 


The photoluminescence spectra of the CeO, NPs 
derived from A. indica leaf extract were recorded with 
the excited wavelength of 325 nm. The emission spectra 
of CeO, NPs are obtained with eight peaks at 360 nm, 
375 nm, 391 nm, 411 nm, 442 nm, 452 nm, 491 nm, and 
519 nm, which are shown in (Fig. 6). The spectra 
comprise of the three near band edge emission (360 nm, 
375 nm and 391 nm), violet emission (411 nm), two 
blue emissions (442 nm and 452 nm), blue-green 
emission (491 nm) and green emission (512 nm) for 
CeO, NPs respectively. 


The NBE emission 360 nm, 375 nm and 391 
nm are attributed to a band-to-band recombination 
process, which possibly involving localized or free 
exciton (Wang et al. 2007). These emission peaks 
between 400 and 500 nm form a broad emission band. 
The violet emission band 411 nm is originated from the 
defect state existing extensively between the Ce 4f band 
and O 2p band (Morshed et al. 1997 and Lu et al. 2010). 
The blue emission bands (442 nm and 452 nm) can be 
attributed to excitonic recombination of CeO, NPs 
(Huang et al; 2011 and Kim. 2001) and can be partly 
certificated by comparing the relationship of peak 
intensity and band gap. They are due to the 5d-4f 
transitions of Ce** between the 7D (5d') ground state 
and the 7Fs (4f1) state. The blue-green emission bands 
(491 nm) are attributed to the transitions from different 
defect levels of the O 2p band. The green emission 
bands (512 nm) may be due to the low density of 
oxygen vacancies during the preparation of the CeQ, 
NPs. 
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Fig. 6: Photoluminescence spectra of CeO, NPs. 
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3. CONCLUSION 


The CeO, NPs were synthesized by the green 
method derived from A. indicaleaf extract. X-ray 
diffraction study confirmed that the prepared particles 
were of the cubic fluorite structure of CeO, NPs. The 
XPS studies showed that from the tmdexed peaks 
corresponding to Ce (3d), C (1s) and O (ls) the 
respective binding energies of the elements were 
estimated. From the FT-Raman spectra, the sharp 
Raman active mode was observed at 461cm' and this 
was due to the symmetrical stretching mode of the Ce- 
8O for CeO, NPs. From the TEM and FESEM images, 
the morphology of CeO, nanoparticles exhibits spherical 
structure. The elemental compositions identify by 
EDAX spectra. In UV-Vis absorption spectra, the peak 
edge was observed at 314 nm for CeO, NPs. From the 
PL spectra, the low intense band edge emission peaks 
were obtained due to the energy released by the 
electrons on coming down from Ce 4f level to O 2p 
level. 
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